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NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on behalf 
of NASA: 

A. 1 

B . 1  

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulnesss of the information contained in the re- 
port, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, or 
for damages resulting from the use of any information, 
apparatus, method or process disclosed in this report. 

As used above, "person acting on behalf of NASA" includes any 
employee or contractor of NASA, or employee of such contractor, 
to the extent that such employee or contractor of NASA, or em- 
ployee of such contractor prepares, disseminates, or provides 
access to, any information pursuant to his employment or contract 
with NASA, or his employment with such contractor. 

Requests for copies of this report should be referred to 

National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washington, 1). C. 20546 
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Development of 

HIGH- TEMPERATURE GAS-FILLED 
CERAMIC RECTIFIERS, THYRATRONS, 
AND VOLTAGE-REFERENCE TUBES 

b y E .  A .  Baum 

SUMMARY 

The present  phase of Contract NAS3-6469 is  directed a t  advancing 
the high-temperature tube technology and establishing basic  design data 
and concepts for  gas tubes operating in high-temperature environments. 
During the f irst  s ix  v-onths of the contract ,  basic designs were established 
for  the high-temperature thyratron device and voltage-reference tubes,  
and data were obtained for  tube temperatures  up to 75OoC. 
these data,  design changes were incorporated.  

Based on 

During this reporting period, s ix  tubes were put on tes t .  Of these,  
two tubes failed within a few hours because of vacuum leaks.  One tube 
(No. 7) ,  a hollow-anode s t ructure ,  developed a vacuum leak in the gr id  
sea l ,  while another tube (No. 8) developed a c rack  in the molybdenum 
anode flange. 

0 
The remaining four tubes were tes ted a t  t empera tures  up to 760 C 

One tube and over the frequency range of 60 to 3000 cycles per  second. 
was operated for  approximately two hours at  6000 cycles per  second a t  
1700 volts peak inverse voltage. 

Endurance t e s t s  on the voltage-reference tubes have been s ta r ted .  
The first tubes were operated f o r  a total of 330  and 354 hours ,  respectively 
Both tubes were operated a t  50  mill iamperes with a running voltage of 127 
volts.  1 

1 
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INTRODUCTlON 

The work effort in  the second quar te r  of this p rogram was directed 
a t  completing the fabrication of the initial design of high-temperature thyra-  
t ron  and reference tubes,  while the effort during this reporting period was 
directed a t  completing the design tes t s  on the initial tubes and incorporat-  
ing required design and structural  changes. 

The two basic  designs shown in Figures  1 and 2 have evolved. In 
addition, a hollow-anode tube structure was designed and two such s t ruc tures  
were  given l imited testing with both tubes developing leaks  in the metal  sup- 
port  members .  It i s  not planned to make fur ther  t e s t s  with this s t ruc ture ,  

Of the nine thyratrons constructed on this contract ,  the f i r s t  eight were 
fabricated with gold-copper seals and a low-purity ce ramic  body. 
9 and subsequent tubes a r e  being fabricated with a high-purity Lucalox':' 
alumina type body designated as A-976.  
of the metall ized type and a r e  effected with palladium-cobalt brazing alloy. 
The need for  the higher-purity alumina body was evidenced by the high leak- 
age resis tance between gr id  and anode when the lower purity alumina was 
used (Figure 3 ) .  

Tube No. 

The ceramic- to-metal  sea ls  a r e  

The t e s t  resu l t s  on the nine tubes fabricated a r e  a s  follows: 

Tube No.  

1 

2 

3 

4 

5 

Design 

Figure  1 l e s s  cathode 
shields 

F igure  1 l e s s  cathode 
shields 

F igure  1 l e s s  cathode 
shields 

F igure  1 l e s s  cathode 
shields 

Hollow-anode structure 

T e s t R e s ult s 

Operated 3 hours  - leak developed in 
exhaust tubul a t i  o n 

Tube operated 80 hour s  - leak developed 
in  grid sea l  

Operated 2 hours - leak developed in 
cathode leader 

Operated 30 hours  - leak developed in 
cathode leader 

Leaked through cathode leader  

.b 

-''Registered Trade -mark  of the General Elec t r ic  Company 
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Tube No. Design 

6 F igure  1 

T e s t Re  sult  s 

Operated 40 hours  - leaked in gr id  seal 

7 Hollow-anode structure Leaked i n  gr id  seal 

8 F igu re  2 Molybdenum seal flange cracked 

9 F igu re  2 Presen t ly  on t e s t  - endurance run at 
3200 cycles p e r  second, 1700 volt P I V ,  
3 amperes  a v e . ,  720 C wall t empera ture  

0 
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TECHNICAL DISCUSSION AND PROGRESS 

THYRATRON F A  BRICA TION 

The initial design of the high-temperature thyratron is shown in 
F igure  1 and the modified version in  F igure  2. The f i rs t  seven tubes fabr i -  
cated were variations of the design shown in Figure 1, while the two r e -  
maining tubes were of the design shown in F igure  2 .  
ation shown in F igure  2 has a cathode a r e a  of approximately 70 square  
cent imeters  and i s  s o  designed that the cathode heater is external to the 
tube. 
centimeter , respectively. 

The design configur- 

The average emission densities a r e  0 . 6  and 0 . 2  ampere  per  square 

As shown in both F igu res  1 and 2 ,  the cathode s t ruc ture  consists of 
two concentric, slotted cylinders. 
no d i rec t  line-of-sight evaporation f r o m  the cathode to the cathode gr id  
volume. The gas  discharge path is radially outward f r o m  the cathode and 
then up through the gr id  slots to the anode. 
and gr id  baffling, both tubes exhibit a positive gr id  control character is t ic .  

The slots a r e  so aligned that there  is 

Because of the tight cathode 

A s  discussed in Quarter ly  P r o g r e s s  Report  No. 2 (NASA CR-54478), 
the initial tubes were fabricated us ing  a 94-percent alumina body ceramic .  
Subsequently, a 99-percent alumina body ceramic  was substituted to reduce 
the anode-to-grid leakage resis tance a t  high ambient tempera tures .  
use of the 99-percent alumina body allows a higher temperature  ceramic-  
to-metal  sea l  than could be used with the 94-percent body, 
cobalt alloy, which i s  brazed a t  approximately 1300 C, i s  presently being 
used. 
s in te red  a t  a temperature  in excess of 1800 C. Previous attempts a t  using 
the palladium-cobalt b raze  failed because the b raze  mater ia l  alloyed with 
the low-temperature metall ized coating. (This s ea l  technique has  yet to be 
proven by endurance t e s t s .  ) Both molybdenum and Kovar have been used 
f o r  the anode sea l  flange, however, our experience with molybdenum indic- 
ates the high brazing temperature causes  the flange to become embrit t led.  

The 

A palladium- 
0 

The metallized ce ramic  coating required to effect the braze  is 
0 
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THYRATRON TESTS 

Figures  4 and 5 show typical gr id  charac te r i s t ics  taken on tubes 4 
and 6. (Both of these tubes have the same anode and gr id  assembly,  but 
tube 4 was fabricated without evaporation shields surrounding the cathode. ) 
The dashed curve represents  the DC grid character is t ic .  
control voltages for  peak voltages of 200 to 1700 volts were f r o m  10 to 18 
volts a t  a wall temperature  of 75OoC over the frequency range of 60 to 3200 
cycles per second. 
f ir ing voltage decreases  a s  the tube heats up due to the discharge.  
condition may be caused by the onset of gr id  emission o r  by leakage a c r o s s  
the anode-grid seal.  

Typical gr id  

In a l l  tubes tested it has  been observed that the gr id  
This 

After 30 hours of operation tube 4 was run for approximately two hours 
There  was no lo s s  of gr id  control a t  a frequency of 6000 cycles per second. 

during this tes t ,  indicating the deionization o r  recovery t ime of the tube is 
l e s s  than 80 microseconds.  

Tube 8 which has  the structure shown in Figure 2 ,  was the f i r s t  finned 
cathode tube tested.  
and the gr id  firing voltage to be 120 volts o r  higher,  because of the tight 
baffling around the cathode. Subsequently, tube 9,  which has  the s t ruc ture  
shown . i n  Figure 6 ,  was fabricated with the slot width in the evaporation 
shields increased by 60 percent.  
pulse was required to start the tube. 
4 hours ,  the cr i t ical  gr id  fir ing voltage dropped to 35 volts. 
been s tar ted on endurance t e s t  at 3200 cycles.  
following: 

The initial t e s t s  showed the tube to be hard  s tar t ing 

During the initial operation a 200-volt gr id  
After aging for  a period of about 3 to 

This tube has  
The t e s t  conditions a r e  the 

Tube wall temperature - 73OoC 

Anode temperature  - 65OOC 

Peak inverse voltage - 1700 volts 

Tube cur ren t  (average) - 3. 5 amperes  

Tube voltage drop - 14 volts 

The initial ra te  of r i s e  of the peak inverse voltage has  been measured 
a t  90 volts per  microsecond with the initial peak to 1400 volts. 
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GRID VOLTAGE -VOLTS 

Figure  4 - Grid  Character is t ics  of Tube No.  4 
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GRID VOLTAGE - VOLTS 

Figure  5 - Grid  Character is t ics  of Tube No.  6 
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Figure  6 - Cathode Shield 

VOLTAGE-REFERENCE TUBES 

Endurance t e s t s  on the voltage-reference tubes have been s tar ted.  
f irst  set  of tubes were  processed a t  9OO0C for  one hour and loaded with neon 
to 20 t o r r  a t  ruom tempera ture .  A total  of 330 and 354 hours ,  respectively,  
was accumulated on both tubes. The t e s t  conditions were  a t  50 mil l iamperes  
with the initial running voltages of 127 and 120 volts, respectively.  Both 
tubes were operated for  100 hours a t  4OO0C and then at 8OO0C for the r e -  
mainder  of the tes t .  
in  running voltage. 
sput tered cathode mater ia l  o r  the re lease  of contaminants causing a r i s e  
in the running voltage. 
r en t  whereas  the ra te  of evolution of contaminants would be expected to 
inc rease  exponentially with temperature .  
cu r ren t  may  be necessa ry  to extend the operating t ime.  Evaluations a r e  
present ly  being made on the operating charac te r i s t ics  of tubes loaded to a 
higher p re s su re  than was used on the initial endurance tes t  devices.  

The 

Fa i lure  of both tubes resul ted f r o m  a gradual increase  
This suggests a gas  clean-up condition caused by 

The rate of gas clean-up is proportional to the c u r -  

In either case  a reduction in tube 

11 
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PROGRAM FOR N E X T  PERIOD 

During the next period, endurance t e s t s  will be continued on the high- 
Due to the inability to run endurance temperature  thyratron s t ruc ture .  

t e s t s  under full load conditions, separate t e s t s  will be run  under high- 
voltage low-current  conditions and high-current (15 amperes )  low-voltage 
conditions. 

Endurance t e s t  on the voltage-reference tubes will a lso be continued 
and experiments will be run to determine optimum gas  f i l l  p r e s s u r e  and 
electrode tempera tures  under operating conditions. 

12 



Development of 

HIGH - TEMPERA T URE , GAS -FILLED 
CERAMIC RECTIFIERS, THYRATRONS 
AND VOLTAGE-REFERENCE TUBES 

b y E .  A .  Baum 

ABSTRACT 

This  r epor t  desc r ibes  the w o r k  effor t  during the th i rd  qua r t e r  of 

A 1000-hour endurance 
Contract  NAS3-6469. 
d i scussed  as well as amme perfcrmance t e s t s .  
t e s t  has  been s ta r ted  on one tube operating at a wall t empera tu re  of approx- 
imately 75OoC. 
pr  e sented. 

The high-temperature  thyratron tube designs a r e  

Operational tes t s  on the vol tage-reference tubes a r e  a l so  

1 3  


